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$p$ $q$ $(p, q)$ hyperbolic tessellation
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[1] $(p, q)$ $(q,p)$ $(q, q)$ (self-dual)
[2] $P$ $P$ $(p, q)$ Bethe [3] $q$
[4] $(p, q)$ 2 (
)
. ? ( $arrow$ ). ? ?. Fermi Bethe ?. Hofstadter ?
(5,4)




2 1 $+$ 1













$(x, \tau)$ $(x, \tau+\triangle\tau)$ $(\cosh\nu x)\Delta\tau$ $H$
$\mathcal{U}[\Delta\tau]$
$\mathcal{U}[\Delta\tau]=\exp(-\int\hat{h}(x)(\cosh\nu x)\Delta\tau dx)=\exp(-\Delta\tau H)$ (2)
$H$





1 $a$ $j$ $x=aj$
$\lambda=\nu a$




$H(\lambda)$ $=$ $\sum_{j}\cosh\lambda.j\hat{h}_{j,j+1}+\frac{1}{2}\sum_{j}[\cosh\lambda j+cosh\lambda(j-1)]\hat{g}_{j}$ (6)
$=$
$\sum_{j}\cosh\lambda j\hat{h}_{j,j+1}+\cosh\frac{\lambda}{2}\sum_{j}\cosh\lambda(j-\frac{1}{2})\hat{g}_{j}$
$\lambda$ (5) (6) (
)
$H_{TB}( \lambda)=-t\sum_{j}\cosh\lambda j(c_{j}^{\dagger}c_{j+1}+c_{j+1}^{\dagger}c_{j})-\mu\sum_{j}\cosh\lambda(j-\frac{1}{2})c_{j}^{\dagger_{C_{j}}}$ (7)
1 $\Psi_{j}=\langle j|\Psi\rangle$ (
)




$E\Psi(x)$ $=$ $-t \cosh\nu(x-\frac{a}{2})\cosh\nu\frac{a}{2}[\Psi(x+a)+\Psi(x-a)]$ (9)
$-t \sinh\nu(x-\frac{a}{2})\sinh\nu\frac{a}{2}[\Psi(x+a)-\Psi(x-a)]-\mu\cosh\nu(x-\frac{a}{2})\Psi(x)$
$t=\hslash^{2}/(2ma^{2})$ $\mu=-U-2t$ $aarrow 0$
(
)






$\mathcal{L}(\Psi^{*},\partial_{t}\Psi^{*},\partial_{x}\Psi^{*}, \Psi, \partial_{t}\Psi, \partial_{x}\Psi)=\Psi^{*}\frac{\partial}{\partial t}\Psi+\cosh\nu x[\frac{\hslash^{2}}{2m}\frac{\partial\Psi^{*}}{\partial x}\frac{\partial\Psi}{\partial x}+U\Psi^{*}\Psi]$ (11)
$(\cosh\nu x)dt=d\tau$
$\mathcal{L}’(\Psi^{*}, \partial_{\tau}\Psi^{*}, \partial_{x}\Psi^{*}, \Psi, \partial_{\tau}\Psi, \partial_{x}\Psi)=\cosh\nu x[\Psi^{*}\frac{\partial}{\partial\tau}\Psi+\frac{\hslash^{2}}{2m}\frac{\partial\Psi^{*}}{\partial x}\frac{\partial\Psi}{\partial x}+U\Psi^{*}\Psi]$ (12)
$S= \int$ C’ $( \Psi^{*}, \partial_{\tau}\Psi^{*}, \partial_{x}\Psi^{*}, \Psi, \partial_{\tau}\Psi, \partial_{x}\Psi)d\tau cfx=\int[\Psi^{*}\frac{\partial}{\partial\tau}\Psi+\hat{h}(x)](\cosh\nu x)d\tau cdx$ (13)
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